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(g) Inhaler for aerosol medications. 

(57) Apparatus for dispensing medication from an 
aerosol container the apparatus having an Inlet 
24 for receiving pressurized fluid and an exten- 
sion of the inlet which fornns a receiving cham- 
ber 28. A wall section of the receiving chamber 
is an extension of an inlet wall, another wall 
section being connected to an inlet wall by an 
oblique segment 36, so that the receiving cham- 
ber has a smaller cross-sectional width than, 
and a centerline which is displaced from, those 
of the inlet The receiving chamber contains a 
rod-like projection 26 extending upward along 
the chamber centeriine, and a conduit 32 for 
transmitting pressurized fluid from the receiv- 
ing chamber to a fluid stream duct 20. 
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This invention relates to Inhalation devices for de- 
livering medicaments in aerosol form to the respira* 

tory system. 

Numerous medications, particularly for use by 
persons suffering from asthma, are available in pres- 
surized aerosol containers and have found wide ac- 
ceptance by persons suffering from this and other 
respiratory disorders. Response to drugs adminis- 
tered to the lungs is prompt, and very small doses can 
be effective, minimizing side effects experienced 
from larger doses administered by other methods. 
The active ingredients are usually present in the con- 
tainer in suspended particulate form, having very 
small particle sizes, or in solution with a propellant or 
other liquid. The dispensing containers are typically 
actuated by depressing a nozzle into the container, 
releasing a "pufr which contains a measured dose of 
medication. This dose is introduced into a patient's 
nasal passages or. more commonly, a patient's 
mouth for inhalation. 

As is well known, the final particle size of solids 
or liquids for inhalation should be in a narrow range, 
most preferably about 0.5 to 10 micrometers. l_arger 
particles than 10 micrometers tend to not be efficient- 
ly carried into a patient's bronchia and lungs, com* 
monly depositing in the oropharyngeal area. Very 
small particles, such as less than 0.5 micrometers, 
frequently are not well retained within the bronchia or 
lungs, but are readily exhaled by the patient. 

Aerosol canisters which are currently in use con- 
tain the appropriate medication, plus various exci- 
pients, surfactants and a propellant material. Typical- 
ly, pressures inside the canister can be as high as 6.9 
X 10® newtons per square meter (100 pounds per 

square inch). 

It has been found that simply spraying the medi- 
cation mixture into the mouth results in considerable 
deposition of pharmacologically active ingredients on 
surfaces of the mouth, tongue and throat This is nor- 
mally quite undesirable, since the materials were de- 
signed for delivery to the respiratory system, and may 
not have an appropriate effect when allowed to enter 
the digestive tract. Thus, the medication is normally 
introduced into inspired air which is traversing a tube 
called a "spacer". The medication dose is frequently 
delivered in the approximate center of the spacer di- 
ameter, so that inspired air will dilute and carry the 
medication particles into the lower respiratory sys- 
tem. Proper use of a spacer normally involves coor- 
dination of dose release from the aerosol canister, si- 
multaneously with initiation of inspiration, then filling 
the lungs as full as possible with air and delaying ex- 
piration for as long as possible. 

However, numerous difficulties remain with this 
method of drug delivery. First, persons having inv 
paired respiratory function often cannot completely 
follow the above-described inhalation procedure. 
Further, the propellant-containing dose delivery is 



normally at a much lower temperature than ambient 
air, causing patient discomfort as the medication en- 
ters the pharynx. A person who is expecting the cool- 
er dose will frequently constrict the pharynx, resulting 

5 in decreased doses and benefits from the medication. 
The high velocity at which the dose is delivered caus- 
es significant losses of medication, as material im- 
pacts upon, and is retained by, oropharyngeal tissue. 
Sackner et al.. in U.S. Patent 4,484,577, descri- 

10 bed a method and apparatus for overcoming some of 
these deficiencies with aerosol inhalators. Their ap- 
paratus includes an expandable bag, into which the 
drug is introduced. The patient then can breathe from 
the bag and exhale into the bag, repeating the 

15 breathing process for maximum drug utilization. This 
device is said to facilitate proper Inhalation of a med- 
ication dose. However, many would prefer a smaller, 
less noticable apparatus as they go about their daily 
activities. 

20 Wong et al., in U.S. Patent 4.972,830, disclosed 

a device which is useful with aerosol medication con- 
tainers, wherein a dose enters a small chamber and 
impinges upon a "bluff body" located In the chamber. 
The dose then exits this chamber into a passageway 

25 which resembles the spacer described above. Also in- 
cluded in the apparatus are several spokes which 
surround the entryway into the spacer portion of the 
device. The aerosol is said to be delivered from this 
device as a mist having droplets which are uniform in 

30 size, and having temperatures and pressures which 
are more acceptable to the user. However, it is cur- 
rently desired to produce a device having fewer com- 
ponents, and requiring less assembly and less exact 
component alignment, than is the case with this 

35 Wong et al. device. 

SUMMARY OF THE INVENTION 

The present invention reskles in an apparatus for 
40 dispensing an aerosol medication, contained in a can- 
ister, for inhalation, the apparatus comprising an inlet 
for receiving pressurized fluid, a receiving chamber 
connected to the inlet, having a reduced cross- 
sectional wkJth and having a centered projection ex- 
45 tending toward the inlet, a duct for conducting air to 
the patient, and a conduit for supplying pressurized 
fluid from the receiving chamber to the duct. The fea- 
tures of the invention will be fully appreciated from 
consideration of the following discussion and the ac- 
50 companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional diagram, illustrating 
55 an embodiment of the apparatus of the invention. 

Figure 2 is a top view of the apparatus shown in 
Figure 1. 

Figure 3 is a cross-sectional diagram showing 
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components included within the apparatus of Figure 
1. 

Figure 4 is a cross-sectional expanded diagram, 
showing a portion of the components of Figure 3. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will be explained with reference to 
the drawings and illustrated by a presently preferred 
embodiment 

Referring to Figure 1. inhaler apparatus 10 com- 
prises an outer housing 1 2. of which a vertical portion 
comprises aerosol canister support 14, for receiving 
and maintaining alignment of an externally supplied 
conventional aerosol canister (not shown) within the 
apparatus. The apparatus has a reduced section 16 
at the outlet, having a smaller cross-sectional width 
than that of contiguous portions of the apparatus, 
and can receive a closure at this location, such as a 
cap (not shown); a closure device is an optional fea- 
ture of the invention, and would be affixed during per- 
iods of non-use, for hygienic reasons. 

The apparatus further comprises inner body 18, 
which contains a fluid stream dud 20, connected to 
fluid conduit 22 which is able to receive air from open 
areas around the canister support. The fluid stream 
duct has a longitudinal centerline represented by line 
C-C, and terminates with a spherical segment 30, 
through which the fluid conduit extends. 

Inlet 24 is adapted to receive a nozzle from the 
above-noted aerosol canister, and preferably engag- 
es in sealing relationship about such nozzle. A lower 
portion of the inlet is reduced in cross-sectional width 
by oblique segment 36, and extends into receiving 
chamber 28. One wall of the receiving chamber is an 
extension of a wall of the inlet 

The receiving chamber has a floor, and extending 
upward therefrom, a projection 26, which preferat>ly 
is a cylindrical rod. Located above the termination of 
the rod, and preferably along the centerline of fluid 
stream duct 20, is chamber outlet conduit 32, linking 
the receiving chamber to the fluid stream duct It will 
be appreciated that the inlet has a centerline repre- 
sented by line A-A, while the receiving chamber has 
a centerline represented by line B-B. displaced from 
and parallel to the inlet centerline. Both centerlines A- 
Aand B-B are preferably perpendicular to fluid stream 
duct centerline C-C. 

The apparatus also includes alignment recess 
38, which is not a functional part of the apparatus but 
is present only to fecilitate a preferred production 
method. This feature will be discussed later. 

Referring now to Figure 2 of the drawings, the ap- 
paratus is shown in a top view. Features visible from 
this perspective include outer housing 12, having the 
canister support 14, reduced section 16, inlet 24. pro- 
jection 26, receiving chamber 28, and alignment re- 
cess 38. The dashed lines indicate the outline of fluid 



stream duct 20, although no portion of this element 
will be visible from a top view. For orientation purpos- 
es, centerline C-C has been shown, intersecting cen- 
terline D-D of the inlet In a preferred embodiment a 
5 juncture of oblique segment 36 (Fig. 1) and a wall of 
the receiving chamber coincide with line D-D; chano- 
ber outlet conduit 32 (Fig. 1) will be located on the 
side of projection 26 which is opposite the oblique 
segment 

10 It should be noted thatthe shapes of the external 

housing and that portion of the inner body which con- 
tains inlet 24 and alignment recess 38 are not a critical 
feature of this invention, those particular shapes de- 
picted in the drawings being selected for aesthetic 

15 reasons. 

Figure 3 of the drawings corresponds to Figure 1 , 
except that outer housing 12 Is not present. This fig- 
ure is presented to illustrate a preferred means of pro- 
ducing the apparatus. In the preferred method, all 
20 components included within inner body 18 are pro- 
duced in a conventional single step molding process, 
using a mold and a thermoplastic substance, such as 
polypropylene, or a thermosetting resin. After com- 
pletion of this forming operation, the body piece is 
25 placed in a second mold, using alignment recess 38 
and any other desired indexing features for proper 
positioning, and housing 12 is formed about inner 
body 18 using a similar or different polymeric sub- 
stance. In this manner, a unitary assembly can be 
30 achieved with two simple molding steps, requiring 
only the addition of an externally-supplied cap, if de- 
sired, to produce the final apparatus. This has signif- 
icant advantages over the devices and production 
methods previously available, particularly since no 
35 assembly operation will be required. 

Referring now to Figure 4, there is presented an 
enlarged-scale cross-section showing components of 
the rearnrK>st area of inner body 18. Centerlines A-A, 
B-B and C-C are included for orientation purposes. 
40 This drawing more clearly shows the relationships of 
inlet and receiving chamber components, the inlet 
preferably having beveled edge 34 for facilitating 
alignment with a canister nozzle, and more clearly 
showing the preferred embodiment wherein projec- 
ts tion 26 terminates at a point below chamber outlet 
conduit 32. Also preferred is the provision of a round- 
ed top surface for projection 26. 

In a presently preferred embodiment the appa- 
ratus has a total length along line C-C of 68.7 mm 
so (2.703 inches), a height along line A-A of 47.6 mm 
(1 .875 inches), and a width along line D-D of 26.6 mm 
(1 .048 inches). Fluid stream duct 20 has a diameter 
of 21 .8 mm (0.860 inches) at the open end, and a 6.60 
mm (0.26 inches) radius at the closed end. Fluid con- 
55 duit 22 has a rectangular cross-section, when viewed 
from the opened end of fluid stream duct 20, having 
a height of 3.43 mm (0.135 inches) and a width of 4.95 
mm (0.195 inches). Inlet24 has a diameter of 2.77 nrun 
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(0.109 inches) and receiving chamber 28 has a width 
along line C-C of 1.50 mm (0.059 inches). The width 
of projection 26 along line C-C is 0.635 mm (0.025 in- 
ches). The height along line A-Afrom the top of inlet 
24 to line C-C is 6.86 mm (0.270 inches) and from line 
C-C to the bottom of projection 26 is 1 .27 mm (0.050 
inches). Chamber outlet conduit 32 has a diameter of 
0.36 mm (0.01 4 inches). Oblique segment 36 is set at 
a 45** angle from the vertical, beginning 5.21 mm 
(0.205 inches) below the top of inlet 24. 

The at>ove-recited dimensions are not a critical 
feature of the invention, many being merely matters 
of preference and not having an effect upon perfor- 
mance of the apparatus. Those skilled in the art will 
be able to determine appropriate dimensions for va- 
rious medications and doses to be dispensed. 

Suitable medications for inhalation using this ap- 
paratus include, without limitation, albuterol (also 
called salbutamol), beclomethasone diproprionate, 
cromolyn sodium, epinephrine (including various salts 
and derivatives thereof), ergotamine tartrate, f lunlso- 
lide, ipratropium bromide, isoproterenol hydrochlor- 
ide, metaproterenol sulfate, pirbuterol acetate, terbu- 
taline sulfate, triamcinolone acetonide and others. 
The apparatus can be used to dispense other medi- 
caments in solution or suspension form, including an- 
tianginal preparations, bronchodilators, corticoster- 
oids, antibiotics, antivirals, immunizing agents, insu- 
lin and calcium blockers. 

In operation of the apparatus, an aerosol canister 
is inserted into canister support 14 of housing 12, and 
the nozzle of the canister is engaged with inlet 24. 
The outlet of the apparatus is placed in a patient's 
mouth and the lips are closed around reduced section 
1 6. Upon actuation of the medication dose delivery, 
usually by pressing the canister bottom so that the 
nozzle is forced upward into the canister, performed 
during inspiration by the patient, a measured dose is 
released from the nozzle into inlet 24. Approximately 
half of the measured dose Impinges upon oblique 
segment 36, the other half being directed into receiv- 
ing chamber 28, where a conskjerable fraction inn- 
pinges on projectk)n 26; energy is absorbed at the ob- 
lique segment and at the floor and projection in re- 
ceiving chamber 28. The pressure of the introduced 
aerosol causes the measured dose to flow outward 
from the receiving chamber through chamber outlet 
conduit 32, a certain small fraction of the measured 
dose being typically retained within the receiving 
chamber. As the dose exits conduit 32, it mixes with 
air being inhaled through fluid stream duct 20. Due to 
the energy reduction firom passing aerosol particles 
through the inlet and receiving chamber, and the 
more gradual introduction of the medication into an 
air stream, the patient does not receive an uncomfort- 
able sensation of inhaling a cold "blast" of medication 
and is not required to precisely coordinate breathing 
with the medicatbn release. 



The apparatus Is preferably constructed from 
thermoplastic substances, such as polyolef ins, poly- 
cart>onate, alloys such as polycarbonate-styrene or 
acrylonitnle-butadiene-styrene, and the like. Most 
5 preferred are those materials having the lowest coef- 
ficients of linear thermal expansion, which provide 
the greatest production uniformity. 

Certain modifications (not shown) to the dis- 
closed apparatus will be apparent to those skilled in 
10 the art. For example, fluid stream duct 20 could have 
a configuration other than the flared cylindrical 
cross-section shown in the drawings, and can be pro- 
vided with one or more directional changes along its 
length to further reduce the velocity of aerosol par- 
ts tides. However, it is preferred that the volume of gas- 
es being drawn through the duct be In an expansion 
mode as it reaches the patient, to further reduce the 
velocity of the medication dose and minimize aerosol 
particle impaction upon the wall surfaces of the duct. 
20 Spherical segment 30 can be replaced by a surface 
having another shape, or can have a vertical essen- 
tially flat configuration. Also, fluM conduit 22 can 
have any geometric shape and can be augmented by 
one or more additional conduits (frequently smaller in 
25 cross-section) receiving air from open areas and 
spaced around spherical segment 30 to generate a 
more laminar flow of air. In one useful embodiment, 
supplemental conduits are angularly displaced 120"^ 
to either side of fluid conduit 22, as viewed through 
30 the open end of f luki stream duct 20; in another em- 
bodiment, supplenrtental conduits are displaced 90** to 
either side of fluid conduit 22. Additional energy can 
be absorbed from the dispensed aerosol by providing 
one or nrK>re grooves on the upper surface of the pro- 
ds jection 26. The oblique segment 36 can have an angle 
from the vertical greater than, or less than, 45*. 
These and other modifications are included within 
the scope of the appended claims, it being intended 
that the scope of the inventk>n will be defined only by 
40 those claims. 



Claims 

45 1. Apparatus for dispensing a pressurized fluid into 
a lower-pressure fluid stream, the apparatus 
comprising: 

(a) an inlet for receiving the pressurized fluid; 

(b) an extension of the inlet comprising a re- 
50 ceiving chamber, the receiving chamber hav- 
ing a wall section which is an extension of a 
wall of the inlet and a wall sectk>n which is 
connected to a wall of the inlet by an oblique 
segment, such that the receiving chamber 

55 has a smaller cross-sectional width than that 

of the inlet and the receiving chamber has a 
centerline which is displaced from, and paral- 
lel to, that of the inlet; 
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(c) a projection having a width substantially 
centered about the centerline of the receiving 
chamber, which width is less than the width of 
the receiving chamber, the projection extend- 
ing from a floor of the receiving chamber to- 
ward the Inlet; 

(d) a fluid stream duct having a centerline 
which is perpendicular to that of the receiving 
chamber; and 

(e) a conduit for transmitting pressurized fluid 
from the receiving chamber to the fluid stream 
ducL 

2. The apparatus of claim 1, wherein the inlet is 
adapted to engage with an outlet nozzle of an ae- 
rosol container. 

3. The apparatus of claim 1, wherein the inlet center- 
line can be extended to intersect a juncture of the 
receiving chamt>er wall and the oblique segment 

4. The apparatus of daim 1 , wherein the projection 
has a length which would not intersect an exten- 
sion of the conduit. 

5. The apparatus of claim 1, wherein the conduit is 
located in a section of the receiving chamber wall 
opposite the section which joins the oblique seg- 
ment. 

6. The apparatus of daim 1 , wherein the conduit is 
centered about the centerline of the fluid stream 
duct. 

7. The apparatus of daim 1, wherein the compo- 
nents (a)-(e) are molded from a polymeric sut>- 
stance as a single unit 

8. The apparatus of daim 2, further comprising a 
housing which supports the aerosol container 
and permits retention of alignment between the 
nozzle of the container and the inlet of the appa- 
ratus. 

9. The apparatus of daim 8, wherein the compo- 
nents (a)-(e) are molded from a polymeric sub- 
stance as a single unit and the housing is molded 
from a polymeric substance about components 
(a)-(e). 

10. Apparatus for dispensing a pressurized fluid into 
a lower-pressure fluid stream, the apparatus 
comprising: 

(a) an inlet for receiving the pressurized fluid, 
the inlet being adapted to engage with an out- 
let nozzle of an aerosol container; 

(b) an extension of the inlet comprising a re- 
ceiving chamber, the receiving chamber hav- 
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ing a wall section which is an extension of a 
wall of the inlet and a wall section which is 
connected to a wall of the inlet by an oblique 
segment, such that the receiving chamber 
5 has a smaller cross-sectional width than that 

of the inlet and the receiving chamber has a 
centerline which is displaced from, and paral- 
lel to, that of the inlet; 

(c) a rod-like projection having a width sut>- 
10 stantially centered about the centerline of the 

receiving chamber, which width is less than 
the width of the receiving chamber, the pro- 
jection extending from a floor of the receiving 
chamber toward the inlet; 
15 (d) a fluid sfream duct having a centerline 

which is perpendicular to that of the receiving 
chamber, 

(e) a conduit for transmitting pressurized fluid 
from the receiving chamber to the fluid stream 

20 duct; and 

(f) a housing sut>stantially surrounding com- 
ponents (a)-(e) which supports the aerosol 
container and permits retention of alignment 
between the nozzle of the container and the 

25 inlet of the apparatus. 

11. The apparatus of claim 10, wherein the inlet cen- 
terline can t>e extended to intersect a juncture of 
the receiving chamber wall and the oblique seg- 

30 ment 

12. The apparatus of daim 10, wherein the projection 
has a length which would not intersect an exten- 
sion of the conduit 

35 

13. The apparatus of claim 10, wherein the conduit is 
located in a section of the receiving chamber wall 
opposite the section which joins the oblique seg- 
ment 

40 

14. The apparatus of daim 10, wherein the conduit is 
centered about the centerline of the fluid sfream 
duct. 

45 15. The apparatus of daim 10. wherein the compo- 
nents (a)-(6) are molded from a polymeric sut>- 
stance as a single unit 

16. The apparatus of daim 15, wherein the housing 
50 is molded from a polymeric substance about com- 
ponents (a)-(e). 

17. A process for manufacturing the apparatus of 
daim 10, comprising forming a body which con- 

55 tains components (a)-(e) in a moid from a poly- 

meric material, aligning the body in a second 
mold, and forming the housing about the body 
from a polymeric material. 
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